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Imatinib, the first-line treatment in patients with advanced gastrointestinal stromal tumors 
(GIST), is generally well tolerated, although some patients have difficulty tolerating the 
standard dose of 400 mg/day. Adjusting imatinib dosage by plasma level monitoring may 
facilitate management of patients who experience intolerable toxicities due to overexposure 
to the drug. We present two cases of advanced GIST patients in whom we managed 
imatinib-related toxicities through dose modifications guided by imatinib plasma level 
monitoring. Imatinib blood level testing may be a promising approach for fine-tuning 
imatinib dosage for better tolerability and optimal clinical outcomes in patients with 
advanced GIST. 
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INTRODUCTION 

The introduction of imatinib mesylate (Glivec®/Gleevec®, No- 
vartis, Basel, Switzerland) has improved outcomes for patients 
with advanced gastrointestinal stromal tumor (GIST), and ima- 
tinib is now considered the standard first-line treatment in pa- 
tients with metastatic or unresectable GIST (1, 2). Imatinib is 
generally well tolerated, although some patients have difficulty 
tolerating the standard dose of 400 mg/day, which may neces- 
sitate imatinib dose reductions. However, patients and physi- 
cians are cautious and sometimes reluctant to reduce the dose 
of imatinib because of concerns about disease progression. In- 
deed, results from a pharmacokinetic analysis suggested that 
adequate drug exposure, as determined by imatinib plasma 
trough concentration, is correlated with clinical benefit; a low 
plasma trough concentration of imatinib ( < 1, 100 ng/mL) might 
contribute to reduced efficacy in patients with advanced GIST 
(3). Previous pharmacokinetic studies also showed that imatinib 
blood levels have high interpatient variability (3-5) and are af- 
fected by several covariates, such as albumin concentration, 
creatinine clearance, white blood cell count, and major gastrec- 
tomy (3, 5). As a result, monitoring imatinib plasma concentra- 
tion on an individual basis may be important for optimizing 
clinical outcomes of patients with advanced GIST (6, 7). 



Some patients who take the standard dose of imatinib may 
have abnormally high plasma levels of imatinib due to their in- 
dividual predisposition to decreased drug metabolism (3-5); it 
is known that some imatinib-related toxicities may be related to 
overexposure to the drug (6). The problem becomes even more 
complicated when these imatinib-related toxicities confound 
the evaluation of response to imatinib therapy. For example, 
when patients do not have tumor size reduction and ascites de- 
velops as a toxicity of imatinib, this may be misinterpreted as 
having disease progression and managed with imatinib dose 
escalation or switching to second-line sunitinib (8). Therefore, 
adjusting imatinib dosage by plasma level monitoring may help 
manage patients who experience intolerable toxicities while also 
achieving sufficient imatinib trough concentrations to maintain 
efficacy. Here we describe two patients with advanced GIST 
whose imatinib-related toxicities were successfully managed 
with dose modifications guided by imatinib plasma level test- 
ing. 

CASE DESCRIPTION 
Patient 1 

A 67-yr-old Asian man who presented with intermittent melena 
and significant weight loss was diagnosed with small bowel 
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GIST with multiple liver metastases and peritoneal seeding on 
May 25, 2010. He underwent jejunal resection and anastomosis 
with palliative intent. The excised jejunal GIST measured 
7x5x5 cm and had a c-KIT exon 9 mutation (1,510-1,515 du- 
plication). After surgery, the patient was treated with 400 mg/day 
imatinib. He had no concomitant medications or co-morbid 
diseases. 

Two months later, the patient developed grade 3 edema, 
grade 3 ascites, and grade 2 vomiting, with chest radiography 
revealing layering of a moderate amount of pleural fluid. Be- 
cause the patient had peritoneal seeding, it was hard to deter- 
mine whether his ascites and pleural efftision were due to ima- 
tinib toxicity or the progression of GIST. Although the follow-up 
ab domino -pelvic computed tomography (CT) scan showed 
that the patient's liver metastases had not changed significant- 
ly, disease progression was suspected, which prompted a ces- 
sation in imatinib treatment and a commencement of sunitinib 
treatment. The patient was transferred to our hospital for a sec- 
ond opinion after he had been taking sunitinib for approximate- 
ly 2 months. A thorough review of his previous serial CT scans 
showed no definitive evidence of disease progression whilst he 
was on imatinib treatment. We therefore decided to resume 400 
mg/day imatinib and use ^^F-fluorodeoxyglucose (FDG) posi- 



tron emission tomography (PET)/CT for accurate assessment 
of response to imatinib treatment. 

One month after the patient restarted imatinib, a PET/CT scan 
revealed a significant decrease in maximum standardized up- 
take value from 4.2 to 2.9 in one of his liver metastases (Fig. lA 
and B), suggesting the tumor was responding to imatinib. How- 
ever, the patient required paracentesis once weekly to control 
his ascites, and he complained of peripheral edema and dys- 
pnea. Because imatinib blood level testing revealed that the pa- 
tient had very high imatinib trough plasma exposure, 4,120 ng/ 
mL and 4,600 ng/mL on two different days (Fig. IC), we de- 
creased his dose to 300 mg/day, which resulted in a steady-state 
imatinib plasma trough concentration of 3,220 ng/mL (Fig. IC). 
However, the patient still had grade 2 edema, ascites, and dys- 
pnea on exertion due to pleural effusion. As his imatinib trough 
plasma exposure was sufficiently high to achieve an adequate 
tumor response (3), we further reduced his dose to 200 mg/day. 
At this dose, his fluid retention, including ascites, edema, and 
pleural effusion, was greatly improved, and he had no difficul- 
ties in daily life; in addition, his liver metastases remained stable 
(Fig. IB). 

Five months later, the patient expressed concerns that 200 
mg/day of imatinib may be insufficient to control his tumor, as 
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Fig. 1. Imatinib plasma monitoring-guided dose modification reduced toxicities and maintained response in patient 1 . A patient with resected small bowel GIST and multiple liv- 
er metastases responded to imatinib treatment, as PET/CT scans show a significant decrease in maximum standardized uptake value from 4.2 to 2.9 in one of his liver metas- 
tases one month after he restarted imatinib (A; arrow heads). However, the patient had grade 3 dyspnea and grade 2 ascites (C). Serial measurements of imatinib plasma con- 
centration guided imatinib dose modification from 400 mg/day to 300 mg/day and then to 200 mg/day; his liver metastases remained stable (B) and his fluid retention, includ- 
ing dyspnea and ascites, was greatly improved (C). Imatinib dose was increased to 300 mg/day upon patient request; he tolerated ascites and dyspnea (C) and his disease was 
stable (B). D, day; IM, imatinib; M, month; SD, stable disease. 
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studies have shown that GIST patients with the c-KIT exon 9 
mutation may benefit from higher than normal exposure to ima- 
tinib (3, 9, 10). We therefore increased his dose to 300 mg/day. 
He was able to tolerate ascites and dyspnea with the use of reg- 
ular diuretics but had some limitation of activities. Follow-up 
CT scans to date showed the patient's disease remained stable 
(Fig. IB). 

Patient 2 

A 69-yr-old Asian man presenting with melena was diagnosed 
with duodenal GIST and underwent Whipple's operation on 
May 6, 2004. The excised mass measured 5.5 x 4.5 x 2.0 cm and 
had a low mitotic rate ( < 5 mitoses per 50 high-powered fields). 
Mutation analysis showed that the tumor had a KIT exon 1 1 de- 
letion at amino acid 552. Twenty-two months after surgery, a 
liver metastasis was detected on follow-up CT scans. The pa- 
tient was started on imatinib 400 mg/day. The treatment was 
effective, with a partial response noted after 3 months (Fig. 2A); 
the treatment was also tolerable, with grade 2 edema the only 
adverse event experienced by the patient. 

At 26 months following the commencement of imatinib 
treatment, the patient developed several small, round, mesen- 
teric lymph node enlargements, which were regarded as a sign 
of disease progression even though the metastatic lesions in his 
liver remained stable. Imatinib dose was increased to 800 mg/ 
day. After 7 months at this dosage, the patient experienced grade 
3 dyspnea and grade 3 pericardial effusion. He was transferred 



to our clinic for the treatment of these adverse events. However, 
an in-depth review of his previous serial CT scans by an experi- 
enced gastrointestinal radiologist revealed that the morphology 
of these enlarged mesenteric lymph nodes suggested reactive 
changes, instead of lymph node metastases, which are rare in 
GIST (11). The patient was therefore restarted on treatment with 
400 mg/day of imatinib. CT scans 10 months later showed that 
the patient's liver metastasis were stable (Fig. 2A). Although his 
ascites and pleural effusion gradually improved, the patient com- 
plained of dyspnea, and diuretics were required for the control of 
grade 2 generalized edema. Because imatinib plasma monitoring 
revealed that the patient had high imatinib plasma trough con- 
centrations (3,850 ng/mL and 4,280 ng/mL on two different days; 
Fig. 2B), we reduced his dose to 300 mg/day, which resulted in 
imatinib plasma trough concentrations of 2,670 ng/mL and 2,880 
ng/mL (Fig. 2B). However, pericardial effusion was persistently 
observed, even after his imatinib dose was further decreased to 
200 mg/day, which resulted in steady-state imatinib plasma 
trough concentrations of 3,070 ng/mL and 2,710 ng/mL (Fig. 
2B). As the patient's imatinib trough plasma exposure was still 
sufficiently high (3) and the follow-up CT scan showed that his 
liver metastasis remained stable (Fig. 2A), we further decreased 
his dose to 100 mg/day, which resulted in imatinib plasma 
trough concentrations of 1,660 ng/mL and 1,480 ng/mL (Fig. 
2B). To date, the patient has been taking 100 mg/day of imatinib 
for approximately 1 yr. His fluid retention has improved, with 
durable partial response in his liver metastasis. 
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Fig. 2. Imatinib plasma monitoring-guided dose modification reduced toxicities and maintained response in patient 2. A patient with resected duodenal GIST and a liver metas- 
tasis responded to imatinib treatment with a partial response (A; arrows). However, at the standard dose of 400 mg/day, the patient had grade 3 dyspnea and grade 2 pericar- 
dial effusion (B). Serial measurements of imatinib plasma concentration guided imatinib dose modification from 400 mg/day to 300 mg/day, 200 mg/day and then to 100 mg/ 
day; his fluid retention (dyspnea and pericardial effusion) was improved (B), with partial response maintained in his liver metastases (A). D, day; IM, imatinib; M, month; PR, 
partial response; Y, year. 
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DISCUSSION 

Imatinib is metabolized in the liver, predominantly by cyto- 
chrome P450 (CYP) 3A4 (12). As a result, the plasma concentra- 
tion of imatinib may be affected by intrinsic variability of CYP 
enzyme activity and other factors, such as albumin concentra- 
tion (3, 5). Although studies have assessed the relationship be- 
tween imatinib plasma concentration and efficacy (3, 4, 12), 
less is known about the relationship between imatinib plasma 
concentration and toxicity (6). One study showed that the oc- 
currence and number of side-effects correlated with imatinib 
total and free plasma concentration in patients with GIST (6). 
However, the study did not assess imatinib exposure with the 
grade or type of toxicities, findings that may have been of value 
in clarifying the dose-dependent toxicities of imatinib. 

Here we described two patients who experienced intolerable 
toxicities while on standard-dose imatinib treatment. Both had 
high imatinib plasma trough concentrations, which appeared 
to have contributed to the severe fluid retention (e.g. ascites, 
edema, and pleural effusion) observed in these patients. Through 
imatinib plasma monitoring, we reduced the dose of imatinib, 
consequently decreasing these toxicities, whfle maintaining 
sufficient imatinib exposure for adequate efficacy of the treat- 
ment. 

Another interesting aspect of these two patient cases is that 
they highlight the difficulties of response evaluation for ima- 
tinib therapy in GIST patients. Toxicity of imatinib or reaction to 
imatinib treatment may sometimes be mistaken for disease pro- 
gression. For example, in the first patient who had peritoneal 
metastases, ascites was regarded as a sign of disease progres- 
sion; in the second patient, enlarged reactive mesenteric lymph 
nodes were mistaken for lymph node metastatses. Because 
both patients had no tumor shrinkage in other nodules, which 
is quite common in patients with advanced GIST on imatinib 
therapy, it was difficult to determine whether imatinib treat- 
ment was effective. ^^FDG-PET/CT scan may be considered for 
accurate assessment of response to imatinib, especially when 
rapid readout of activity is necessary. 

When considering imatinib plasma level monitoring to ad- 
dress intolerable adverse events, it is necessary to also consider 
covariates that may affect imatinib pharmacokinetics, such as 
demographics, body weight, and other clinical characteristics. 
Patients of Asian descent, for example, might display different 
imatinib pharmacokinetics compared with those of Caucasian 
descent as a result of different physical characteristics. Whilst 
there has been no clear elucidation of the influence of race on 
imatinib pharmacokinetics, several reports have suggested a 
trend towards lower imatinib trough levels in patients with high- 
er body mass index (3, 5, 13). As such it might be assumed that 
Asian patients would have a tendency towards lower imatinib 
trough levels compared to their Caucasian counterparts. How- 



ever, this assumption should be treated with caution given that 
the reports were associated with only a weak correlation or ten- 
dency towards insignificance. Furthermore, it should also be 
noted that physical attributes alone are unlikely to explain phar- 
macokinetic differences between racial backgrounds given po- 
tential differences in pharmacogenomics and activity of meta- 
bolic enzymes such as CYP3A5. Therefore, in order to individu- 
alize treatment with imatinib in patients with GIST, investiga- 
tion of clinical and demographic covariates correlated with 
imatinib pharmacokinetics is warranted. 

The optimal imatinib exposure level in an individual patient 
maybe defined as the level that is able to sustain maximal tu- 
mour response whilst minimizing adverse events. No reliable 
evidence exists to define a pharmacokinetic threshold for clini- 
cal benefit, though an imatinib plasma trough concentration of 
less than 1,100 ng/mL has been reported to be related to re- 
duced efficacy in patients with advanced GIST (3). The optimal 
imatinib exposure level needs to be investigated. 

In conclusion, the results of these case reports demonstrate 
that imatinib plasma monitoring- guided dose modification can 
successfully manage imatinib-related toxicities due to overex- 
posure without compromising the efficacy of the treatment. Our 
findings suggest that individual imatinib blood level testing may 
be a promising approach for fine-tuning imatinib dosage for 
better tolerability and optimal clinical outcomes in patients with 
advanced GIST. 
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